We examined whether Ca 2 + channel function in the resting state alters the resting tone and Ca 2 +activated K + (KcJ channel function in dog basilar ar tery: data were compared with findings in the mesenteric artery. Isolated dog basilar artery maintained a myogenic tone; that is, the resting tone decreased when either the Krebs solution was replaced with a Ca 2 + -free solution or nifedipine was added. The basal 45Ca influx in the resting state of the basilar artery was significantly increased com pared with that in the mesenteric artery, and this increase in the basilar artery was reduced by nifedipine. The ad dition of charybdotoxin (ChTX), a blocker of large conductance Kca channels, to the resting strips caused a concentration-dependent contraction in the basilar artery but not in the mesenteric artery. The ChTX-induced con-
The final common pathway for the control of vas cular reactivity and, ultimately, the regulation of blood flow lies at the level of vascular smooth mus cle cells. Cerebral arteries differ electrically and pharmacologically from peripheral arteries. There exists a tighter coupling between electrical and me chanical events in the cerebral arteries than in the peripheral arteries (Harder and Waters, 1984) . Ce rebral arteries have been shown to be more sensi tive than peripheral arteries to dihydropyridine Ca2+ antagonists (Allen and Banghart, 1979; Shimizu et aI., 1980; Towart, 1981; Cauvin et aI., traction in the basilar artery was abolished by nifedipine. In resting strips preloaded with 86Rb, the basal 86Rb ef flux rate constant was significantly greater in the basilar artery than in the mesenteric artery. The addition of ni fedipine to the resting strips decreased the basal 86Rb efflux rate constant only in the basilar artery. These re sults suggest that the transmembrane Ca 2 + influx via L-type voltage-dependent Ca 2 + channels was signifi cantly increased in the resting state of the basilar artery and that the myogenic tone was therefore maintained and the ChTX-sensitive Kca channels were highly activated.
Key Words: Basilar artery (dog)-Voltage-dependent Ca 2 + channels-Transmembrane 45Ca influx-Ca 2 + activated K + channels-Charybdotoxin-induced con traction-86Rb efflux.
1983) and agonists (U ski and Andersson, 1985; Asano et aI., 1987) . Therefore, Ca2+ influx through voltage-dependent Ca2+ channels (VDCs) plays a more important role in cerebral arterial contraction than does Ca2 + release from intracellular storage sites. Our previous studies demonstrated that dog cerebral arteries exhibited more potent contractions in response to lower concentrations of endothelin-l than did the mesenteric artery, and the enhanced responses in the cerebral arteries were dependent on the Ca2 + influx through VDCs (Tanoi et aI., 1992; Suzuki et aI., 1992) . It is thus possible that the VDCs in the cerebral arteries are in different states of activation than those in the peripheral arteries. In fact, it has been demonstrated that the smooth mus cle of cerebral arteries is more depolarized than that of peripheral arteries (Fujiwara et aI., 1982a (Fujiwara et aI., , 1982b Suzuki and Fujiwara, 1982; Kou et aI., 1982; Inoue et aI., 1984) . Isolated cerebral arteries have been shown to ex-hibit a spontaneous active tone in the resting state (Asano et aI., 1987; Masuzawa et aI., 1990b; Tanoi et ai., 1992; Suzuki et aI., 1992) . It is likely that the spontaneous active tone in the cerebral arteries re flects the increased transmembrane Ca2 + influx via VDCs, since the active tone is abolished by the re moval of external Ca2+ (Asano et aI., 1987; Ma suzawa et aI., 1990b; Tanoi et ai., 1992; Suzuki et aI., 1992) , by calcium channel blockers (Asano et aI., 1987; Tanoi et aI., 1992) , and by membrane hy perpolarization through an opening of A TP sensitive K + (KATP) channels (Masuzawa et al., 1990b) . The increase in intracellular Ca2+ also ac tivates Ca2+ extrusion systems, including Ca2+ pumping ATPase and Na+ -Ca2+ exchange, to counteract the spontaneous active tone. In addition to these direct Ca2+ extrusion systems, it is also likely that Ca2 + -activated K + (Kca) channels are activated as a negative feedback mechanism, since these channels are activated by both intracellular Ca2 + and membrane depolarization (for review, see Cook, 1988; Castle et aI., 1989) . The Kca channels are divided into at least three subtypes-large, in termediate, and small conductance-according to the difference in single channel conductance. Dif ferences in the mechanisms of activation of these channels may reflect their functional roles, with some channels maintaining resting tone and others terminating or limiting contraction induced by va soconstrictors. In the present study, we examined whether the VDC function in the resting state alters the resting tone and Kca channel function in the cerebral arteries. To this end, the myogenic tone, 45Ca influx, 86Rb efflux (used to monitor K + per meability), and arterial contractions following Kca channel blockade were compared between basilar and mesenteric arteries in the dog.
METHODS

Preparation of arterial strips
Mongrel dogs of either sex weighing 7-14 kg were anes thetized with sodium pentobarbital (30 mg/kg i. v.) and exsanguinated. The brain and the mesenteric artery (in situ outside diameter, 0.6-0.8 mm) were excised and placed in a Krebs solution of the following composition: NaCI, 115 mM; KCI, 4.7 mM; CaCI 2 , 2.5 mM; MgCI 2 , 1.2 mM; NaHC0 3 , 25 mM; KH 2 P0 4 , 1.2 mM; and dextrose, 10 mM. The basilar artery (0.7-O.9-mm outside diameter) was isolated from the brain. Helical strips (0.8 mm in width) of these arteries were prepared as described pre viously (Asano et aI., 1987 (Asano et aI., , 1988 . To avoid the possible influences of endothelium-derived factors (i.e., relaxing, hyperpolarizing, and contracting factors), the endothe lium of the strip was removed by gently rubbing the en dothelial surface with cotton pellets (Asano et aI., 1987 (Asano et aI., , 1988 . Vol. 13, No.6, 1993 Measurement of mechanical activity Strips (0.8 x 7 mm) were mounted vertically in water jacketed muscle baths containing 10 ml Krebs solution. The Krebs solution was maintained at 37°C and was con tinuously aerated with 95% O 2 and 5% CO 2 , The isomet ric tension was recorded with a force-displacement trans ducer (TB-612T, Nihon Kohden Kogyo Co., Tokyo, Ja pan). Strips of both arteries were stretched passively to optimal length by imposing a resting tension of 0.8 g, which resulted in the development of maximum isometric tension after the stimulation with the Krebs solution con taining 65.9 mM KCI (K + substitution for Na +) (Asano et aI., 1987; Masuzawa et aI., 1991) . Length-passive tension studies failed to demonstrate differences in passive stiff ness between strips of basilar and mesenteric arteries. These resting tensions were maintained throughout the experiments. All experiments were conducted in phen oxybenzamine-treated strips to eliminate possible a-adre noceptor responses to endogenously released norepi nephrine (Asano et aI., 1988; Masuzawa et aI., 1991) . To eliminate possible f3-adrenoceptor responses to norepi nephrine, 5 x 10-7 M timolol was added to the Krebs solution.
After equilibration for 90 min, contractile responses of the strips to the Krebs solution containing 65.9 mM K + were repeated two or three times until the responses were reproducible. After washout, charybdotoxin (ChTX; a blocker of large-conductance Kca channels), apamin (a blocker of small-conductance Kca channels), glibencla mide (a blocker of KATP channels), or tetraethylammoni um (TEA; a relatively nonselective blocker of K + chan nels) was added to the resting strips in a cumulative fash ion to determine the contractile effect.
In some experiments, the relaxant effect of the Ca 2 +free solution, of nifedipine (a blocker of L-type VDCs), or of cromakalim (an opener of KATP channels) on the rest ing strips was examined. The Ca 2 + -free solution was pre pared by omission of Ca 2 + from the Krebs solution and by addition of 0.1 mM EOT A.
Measurement of basal 4S Ca influx and net
4S Ca uptake 45Ca influx experiments were performed as described previously (Karaki and Weiss, 1979; Asano and Hidaka, 1985) . Briefly, isolated arteries were equilibrated in a Tris-buffered solution of the following composition: NaCI, 154 mM; KCI, 5.4 mM; CaCI 2 , 2.5 mM; dextrose, 11 mM; and Tris, 6 mM (pH 7.4). The Tris-buffered so lution was maintained at 37°C and was continuously aer ated with 100% 0 2 ' Arteries were then exposed to the Tris-buffered solution, to which 1 f,lCilml 45Ca had been added. After exposure for 5 min for basal 45Ca influx or 30 min for net 45Ca uptake, the arteries were transferred to test tubes containing the 80.8 mM La 3 + -substituted solu tion at 0.5°C and were washed for 30 min to remove extracellular45Ca. Each artery was then placed in a glass scintillation vial containing 0.1 ml of Amersham NCS tis sue solubilizer (Amersham International, Buckingham shire, U.K.). Solubilized tissues were mixed with 5 ml of Amersham ACS-II scintillant and counted for radioactiv ity in an Aloka (Mitaka, Japan) liquid scintillation counter. In the 45Ca experiments, the amount of Ca 2 + taken up by the tissue was calculated as described previ ously (Karaki and Weiss, 1979; Asano and Hidaka, 1985) . The data were expressed as nanomoles per gram of tissue wet weight.
Measurement of 86
Rb efflux from arterial strips 86Rb efflux was measured simultaneously with tension changes as described previously (Masuzawa et aI., 1990a (Masuzawa et aI., , 1991 . Briefly, after a 90-min equilibration, strips were incubated for an additional 3 h in the Krebs solution to which 14-20 !LCi/ml 86Rb had been added. Each strip was then dipped for 15 s into nonradioactive Krebs solution and transferred to a superfusion chamber. A resting ten sion of 2.4 g (basilar and mesenteric) was applied because larger strips were used. The superfusate was sampled for a collection period of 2 min and counted for radioactivity in an Aloka autowell 'Y-counter. On completion of the efflux, each strip was solubilized. The rate-constant plot of 86Rb efflux was then constructed as described previ ously (Masuzawa et aI., 1990a (Masuzawa et aI., , 1991 .
Statistical analysis
Unless specified, results are expressed as means ± SD. The Student t test for paired or unpaired data or analysis of variance was used to determine the significance of dif ferences between means; p < 0.05 was taken as signifi cant.
Drugs and isotopes
The drugs used were ChTX (Peptide Institute, Minoh, Ja pan), apamin (Sigma Chemical, St. Louis, MO, U.S.A.), glibenclamide (glyburide, Sigma), TEA chloride (Sigma), nifedipine (Bayer Yakuhin Ltd., Osaka, Japan), papaverine hydrochloride (Wako Pure Chemical Indus tries, Osaka, Japan), cromakalim (Beecham Pharmaceu ticals Research Division, Harlow, Essex, U.K.). Bay k 8644 (Bayer AG, Wuppertal, Germany), phenoxybenza mine hydrochloride (Nakarai Chemicals, Kyoto, Japan), and timolol maleate (Banyu Pharmaceutical Co., Tokyo, Japan). 86RbCI (specific activity, initially 1.5-2.9 mCi/mg) and 45CaCIz (specific activity, initially 16.7-28.5 mCi/mg) were obtained from Amersham International (Bucking hamshire, U.K.).
The molar concentrations of the stock solution and the solvents for the drugs were as follows: glibenclamide, 1 mM in 50% ethanol; nifedipine, 1 mM in 50% ethanol; cromakalim, 10 mM in 60% ethanol; Bay k 8644, 1 mM in 99.5% ethanol; and phenoxybenzamine, 1 mM in 50% ethanol. Aqueous stock solutions were prepared for other
FIG. 1. Typical recordings of the effects of
Ca2+ -free solution (O-Ca), nifedipine (Nif), and cromakalim (Crom) on resting strips of basilar and mesenteric arteries of the dog. After a 90min equilibration, strips were maximally acti vated by repeated application of 65.9 mM K+ until the responses were reproducible. Follow ing washout with a Krebs solution, the solution was replaced with a Ca2+-free solution for 20 min, and then 2. 5 mM Ca2+ (Ca) was added to the Ca2+ -free solution. The strips were washed with a Krebs solution for 40 min and then ex posed to Nif. At the end of each experiment, 10-4 M papaverine (Pap) was added to identify the position of the maximum relaxation. The ef fect of Crom was then examined in a similar fashion. Concentrations of Nif and Crom are ex pressed as the negative logs of the molar con centration. All recordings for each artery were from the same strip. Note the presence of an oscillatory contraction in the resting state of the basilar artery. 
RESULTS
Myogenic tone in the resting state of the basilar artery
Resting strips of the basilar artery maintained a myogenic tone; typically, small-magnitude oscilla tions were superimposed on a tonic contraction ( Figs. 1-3) . These strips relaxed significantly from the resting tone when the Krebs solution was re placed with a Ca2+ -free solution (Fig. 1) . The fall in tension from the resting tone was 22.7 ± 9. 9% of the rise in tension from this level produced by 65.9 mM K + (n = 12). After a 20-min exposure to the Ca2+ free solution, the addition of 2.5 mM Ca2 + restored the myogenic tone completely. The addition of ni fedipine (10-10_10-7 M) to the resting strips placed in a Krebs solution caused a concentration dependent relaxation ( Fig. 1 ). Further addition of 10-6 M nifedipine to these strips caused only a small relaxation. These strips further relaxed when 10-4 M papaverine was added (Fig. 1) . The relax ation induced by 10-7 M nifedipine was 83.3 ± 7.9% of the papaverine-induced maximum relax ation (n = 9). The addition of cromakalim (10-7_ 10-5 M) also caused a concentration-dependent re laxation from the resting tone ( Fig. 1) .
Resting strips of the mesenteric artery did not respond to Ca2 + -free solution, nifedipine, cro makalim, or papaverine (Fig. 1) .
The Ca2+ -induced contraction of the basilar ar tery was abolished by 10-7 M nifedipine and was augmented by 10 -7 M Bay k 8644, an agonist of L-type VDCs (Fig. 2 ). In the mesenteric artery, however, only a small contraction was obtained by Experimental conditions were the same as in Fig. 1 . The Ca2+ -induced contraction (Ca) is shown, and the effects of 10-7 M Nif and 10-7 M Bay were determined by the addition of these agents 10 min before the Ca2+ -induced contraction. Recordings for each artery were from three different strips . Table I shows the basal 45Ca influx and net 45Ca in the resting state of basilar and mesenteric arter ies. The basal 45Ca influx measured after a 5-min pulse labelling with 45Ca was significantly greater in the basilar artery than in the mesenteric artery. Ni fedipine (10-7 M) significantly reduced the basal 45Ca influx in the basilar artery but had no effect on the 45Ca influx in the mesenteric artery, and the basal 45Ca influx in the presence of nifedipine was still significantly higher in the basilar artery than in the mesenteric artery.
The net 45Ca uptake in the resting state of the arteries measured after a 30-min exposure to 45Ca was not significantly different between the basilar and mesenteric arteries. The net 45Ca uptake was not affected by 10-7 M nifedipine in either artery ( Responses to K + channel blockers
The addition of ChTX to the resting strips caused a concentration-dependent contraction in the basi lar artery (Fig. 3) . The contraction was tonic (6 of 13 strips), rhythmic (4 of 13 strips), or mixed (3 of 13 strips). The ChTX-induced contraction was ex tremely weak in the mesenteric artery (Fig. 3) . Al though the contraction was not observed in 9 of 13 strips, one strip elicited a 16.1 % contraction, and 3 strips elicited small contractions (3.0, 4.7, and 4.8%). Concentration-response curves for the ChTX-induced contractions in basilar and mesen teric arteries are shown in Fig. 4 .
The addition of TEA to the resting strips of bas ilar and mesenteric arteries caused a similar pattern of contraction to the ChTX-induced response in each artery. TEA-induced contractions were very much greater in the basilar artery than in the mes enteric artery (Fig. 4) . The maximum contraction induced by TEA was comparable to the contraction induced by 10-7 M ChTX in each artery (Fig. 4) . Basal 45Ca influx was measured by exposing the arteries for 5 min to Tris-buffered solution (5.4 mM K +) to which I !-LCi/ml 45Ca had been added. Net 45Ca uptake was measured by exposing the arteries for 30 min to Tris-buffered solution (5.4 mM K +) to which 1 !-LCi/ml 45Ca had been added. Nifedipine (nif) was added 30 min before the application of and also during the 45Ca exposure period. Data are expressed as means ± SD, and numbers in parentheses indicate the number of preparations used. a Significantly different from the mesenteric artery (p < 0.05). b Significantly different from control (p < 0.05).
The addition of apamin (�1O-6 M; n = 4) or of glibenclamide (�5 x 10-6 M,-n = 4) to the resting strips failed to cause a contraction in basilar and mesenteric arteries (data not shown).
Mechanism of ChTX-and
TEA-induced contractions
When 10-7 M nifedipine was introduced before the occurrence of ChTX-and TEA-induced con tractions of the basilar artery, this blocker abol ished the myogenic tone and concomitantly the con tractile responses to ChTX (n = 4), and TEA (n = 4) ( Fig. 5 
)_
After the contraction of the basilar artery induced by 10-7 M ChTX had reached a plateau, the addi tion of nifedipine caused a concentration-dependent relaxation (Fig. 6, left) . Nifedipine also relaxed the basilar artery contracted with either 10 mM TEA or 20.9 mM K + (Fig. 6, left) . Concentration-response curves for the relaxant effect of nifedipine were similar among the ChTX-, TEA-, and K +contracted strips (Fig. 6, right) .
Basal 86Rb efflux
The rate of 86Rb efflux from the resting strips of basilar and mesenteric arteries preloaded with 86Rb is shown in Fig. 7 . At min 80 of efflux, the 86Rb remaining in muscle was significantly less in the basilar artery (61.8 ± 4.0%; n = 5) than in the mes enteric artery (71.7 ± 1.8%; n = 9). When the basal 86Rb efflux rate constant was calculated between min 26 and 30 of efflux, this constant was signifi cantly higher in the basilar artery (4.73 ± 0.57 x 1O-3/min; n = 10) than in the mesenteric artery (2.65 ± 0.50 x 1O-3/min; n = 25).
The addition of 10 -7 M nifedipine to the resting strips of the basilar artery significantly decreased the basal 86Rb efflux rate constant from 4.68 ± 0.89 x 1O-3/min (n = 5; measured between min 26 and 30 of efflux) to 3.91 ± 0.85 x 1O-3/min (n = 5; measured between min 42 and 46 of efflux; Fig. 8 ). Nifedipine also produced a relaxation in the basilar artery from the resting tone. However, nifedipine had no effect on the basal 86Rb efflux rate constant or the resting tone in the mesenteric artery (Fig. 8) .
In the presence of 10-7 M nifedipine, the 86Rb efflux rate constant was still significantly higher in the basilar artery (3.91 ± 0.85 x 1O-3/min; n = 5) than in the mesenteric artery (2.25 ± 0.67 x 10-3/ min; n = 8).
DISCUSSION
A major finding of the present study is that the transmembrane influx of Ca2 + via L-type VDCs was increased in the resting state of dog basilar ar tery compared with dog mesenteric artery. The in creased basal Ca2+ influx is responsible for the maintenance of myogenic tone and the activation of ChTX-sensitive KCa channels in the basilar artery. It is likely that such K + channel activation acts as 100 -0- Basilar   FIG. 4 . Concentration-response curves for the contractile effects of charybdotoxin (ChTX) and tetraethylammonium (TEA) on resting strips of basilar and mesenteric arteries. Experimental conditions were the same as in Fig. 3 . The peak contractions induced by each concentration of ChTX and TEA are expressed as percentages of the maximum contraction induced by 65.9 mM K+. At 0 on the abscissa, the oscillatory contrac tion before the addition' of ChTX or TEA is ex pressed as the percentage of the maximum con traction induced by 65.9 mM K+. Data points are means of the number of preparations indicated by each curve, and SO, are shown by vertical bars; .. significantly different from the mesen teric artery (p < 0.05). '5 10 20 a negative feedback mechanism to regulate the level of resting tone in the basilar artery. Studies using a 5-min pulse labelling with 45Ca showed higher basal Ca2 + influx in the resting state in the basilar artery than in the mesenteric artery. Because nifedipine decreased the basal 45Ca influx only in the basilar artery, the higher basal Ca2 + influx in the basilar artery reflected the activated state of L-type VDCs in the resting state of this artery. Since the opening of VDCs in arterial smooth muscle normally requires membrane depo larization (Bean et aI., 1986) , a likely reason for the higher basal Ca2 + influx in the basilar artery is that this artery is more depolarized than the mesenteric artery in the resting state. The resting membrane potential of the smooth muscle of the dog basilar or middle cerebral artery is approximately -50 m V (Fujiwara et aI., 1982a (Fujiwara et aI., , 1982b Suzuki and Fuji wara, 1982) , while that of the mesenteric artery J Cereb Blood Flow Me/ab, Vol. 13, No.6, 1993 Basilar measured in the same laboratory is approximately -68 m V (Kou et aI., 1982; Inoue et aI., 1984) . As the level of intracellular Ca2+ increases, the plas malemmal Ca2+ extrusion systems (e.g., Ca2+ pump, Na + -Ca2+ exchange, etc.) appear to be ac tivated in the resting state of the basilar artery, be cause the net Ca2 + uptake (measured after a 30-min exposure to 45Ca) in the resting state of this artery was the same as that of the mesenteric artery.
The present study clearly demonstrated the main tenance of myogenic tone in the resting state of the basilar artery. This myogenic tone reflected the in creased basal Ca2 + influx through the opening of L-type VDCs. The assumption was that, if the membrane depolarization and the subsequent Ca2+ influx causes the myogenic tone, then a hyperpo larization of the membrane or an inhibition of Ca2+ influx should decrease the myogenic tone. This was likely the mechanism of the appearance of the myo- genic tone, because either the hyperpolarization of the membrane through the opening of KATP chan nels by cromakalim or the inhibition of Ca2+ influx by nifedipine decreased the greater part of the myo genic tone. Moreover, the removal of external Ca2+ abolished the myogenic tone. However, these pro cedures failed to cause a relaxation in the mesen teric artery, because this artery is already com pletely relaxed. Furthermore, the finding shown in Fig. 2 that the Ca2+ -induced contraction of the bas ilar artery was abolished by nifedipine, a blocker of L-type VDCs, and augmented by Bay k 8644, an agonist of L-type VDCs (Schramm et ai. , 1983; Asano et ai., 1986 Asano et ai., , 1987 , also supports the exis tence of the activated state of L-type VDCs in the resting state of this artery. The increased basal Ca2+ influx also activates Kca channels in the basilar artery. The KCa chan nels in arterial smooth muscle serve to hyperpolar-ize cell membrane potential toward normal values after contraction is evoked by increases in intracel lular Ca2 + , resulting in a closure of VDCs and ar terial relaxation. In the present study, we examined the effect of ChTX on basilar and mesenteric arter ies. ChTX was used to determine whether Kca channels play a role in regulating the resting tone in these arteries. The assumption was that, if ChTX sensitive KCa channels regulate the resting tone, blockade of the KCa channels should contract arte rial smooth muscle by causing membrane depolar ization and subsequent Ca2+ influx via VDCs. The present study clearly demonstrated the increased activation of ChTX-sensitive KCa channels in the resting state of the basilar artery, since ChTX pro duced a potent contraction in this artery. The ChTX-induced contractions are explained pharma cologically by a blocking action of ChTX on large conductance Kca channels (Cook, 1988; Castle et ai., 1989; Sugg et ai., 1990) . ChTX-sensitive Kca channels have been identified in single cells from vascular smooth muscle (Sugg et ai., 1990; Paven stadt et ai., 1991) . Similar results were obtained when TEA, a relatively nonselective blocker of K + channels, was used. Therefore, a similar explana tion can be made for the TEA-induced contractions, because the large-conductance Kca channel is the only known K + channel in arterial smooth muscle that is blocked by ChTX and low concentrations of TEA (Nelson et ai., 1990) . If the depolarization and the Ca2+ influx activates Kca channels, then a hy- perpolarization of the membrane or an inhibition of Ca2+ influx should diminish the arterial contraction induced by Kca channel blockers. This was proba bly the mechanism of ChTX-and TEA-induced contractions, because the inhibition of Ca2+ influx by nifedipine abolished these contractions, and the ability of nifedipine to inhibit either contraction was similar to that of this blocker to inhibit the K +induced contraction, as demonstrated in the present study.
The 86Rb efflux experiments also demonstrated increased K + permeability in the resting state of the basilar artery compared with the mesenteric artery. The finding that nifedipine reduced the basal 86Rb efflux rate constant in the basilar artery clearly in dicates that, in the resting state of this artery, ex tracellular Ca2+ enters the cell via L-type VDCs, activates KCa channels, and thus contributes to the increased K + permeability. Thus, high activation of Kca channels in the resting state of the basilar ar tery reflected the increased basal Ca2+ influx in this artery, since the KCa channels are normally acti vated by both intracellular Ca2+ and membrane de polarization (Cook, 1988; Castle et aI., 1989) .
Therefore, the myogenic tone in the basilar artery was determined by at least two opposite responses: a contraction due to the increased basal Ca2 + influx (probably through the activation of myosin light chain kinase) and a relaxation due to the activation of KCa channels. The net balance of the two re sponses resulted in the oscillatory contraction that we observed in the resting state of the basilar ar tery. A similar explanation can be made for the ChTX-induced rhythmic contractions. The net bal ance is important in intact cerebral blood vessels, since the level of the actual membrane potential in the resting state of arterial smooth muscle largely determines the resting tone and the sensitivity to vasoconstrictors that mediate their action through membrane depolarization (Harder and Waters, 1984) , and the elevation of transmural pressure de polarizes and constricts cerebral arteries (Harder, 1984; Brayden and Wellman, 1989) . Moreover, the imbalance of the two responses has been observed in cerebral vasospasm after experimental subarach noid hemorrhage. Harder et aI. (1987) have shown that, in dog basilar arteries exposed to subarach noid blood and documented to be in spasm, there is marked membrane depolarization and action poten tial generation and that these electrophysiological changes result from significant reduction in K + conductance. They have further shown that the bas ilar arterial spasm was partially reversed by infu sion of nicorandil, a drug that acts by increasing K + conductance. Thus, in the cerebral vasospasm after J Cereb Blood Flow Metab, Vol. 13, No.6, 1993 experimental subarachnoid hemorrhage, the depo larization-induced contraction exceeded the relax ation due to the activation of K + channels.
Even in the presence of nifedipine, both 45Ca in flux and 86Rb efflux were significantly higher in the basilar artery than in the mesenteric artery. The difference in geometric factors, such as surface-to volume ratio or the thicknesses of the two types of arteries, may be related to the residual increase in 45Ca influx and 86Rb efflux. Since the basilar artery is more depolarized than the mesenteric artery, it is likely that voltage-sensitive K + channels also con tribute to the increased K + permeability in the rest ing state of the basilar artery. The high activation of voltage-sensitive K + channels may also be respon sible for the residual increase in 86Rb efflux.
Small-conductance Kca channels might be acti vated in the resting state of the basilar artery by the increased basal Ca2+ influx. However, this is un likely, because apamin had no effect on the basilar artery when added to the resting tone. Although small-conductance Kca channels have been found in some vascular smooth muscles, it has not been determined whether the channels are sensitive to apamin (Inoue et aI., 1985; Benham et aI., 1986) . Thus, it is likely that apamin-sensitive KCa channels are not present in the dog basilar artery. The myo genic tone was not affected by glibenclamide, but it was almost abolished by cromakalim, suggesting that the KATP channels are present but are not ac tivated in association with the myogenic tone in the basilar artery. The concentrations of glibenclamide used in the present study were sufficient to antag onize the cromakalim-induced relaxations (Ma suzawa et aI., 1990a (Ma suzawa et aI., , 1990b .
In conclusion, the results of the present study clearly demonstrated increased Ca2 + influx via L-type VDCs in the resting state of the basilar ar tery. The increased Ca2 + influx maintains the myo genic tone and activates ChTX-sensitive KCa chan nels in the resting state of the basilar artery. The activation of the KCa channels is an important neg ative feedback mechanism that regulates the resting tone in the basilar artery.
